ABSTRACT Methylenebisacrylamide (MBA) was coated on cotton fabric via free radical polymerization with the aid of initiator. The surface of grafted fabric was characterized by FTIR and SEM, which confirmed that MBA was grafted onto cotton cellulose via covalent bonding. Exposure to dilute sodium hypochlorite solution was found to render the grafted fabric biocidal. The chlorinated cotton was found to inactivate 99.97% of Staphylococcus aureus and 99.99% of Escherichia coli O157:H7 within 30 min of contact time, respectively. The washing stability and UV irradiation recharge ability of coated fabric were also investigated. After 24 h exposure to UV light, over 92% of chlorine was recovered upon chlorination.
INTRODUCTION
Under suitable humidity, warmth, and nutrients, textiles are good media for the growth of microorganisms, such as bacteria, fungi, and viruses. In the last decades, increasing concerns about diseases caused by microbial have stimulated extensive research in antimicrobial fibers. By wearing antimicrobial clothing, the infection of humans can be minimized in the healthcare-related areas, including schools, hospitals, and food packages.
Extensive efforts have been done in the investigation of antimicrobial agents, such as metals [1] [2] [3] [4] [5] [6] [7] , quaternary ammonium salts [8] [9] [10] [11] , chitosan [12] [13] [14] [15] , and N-halamine compounds [16] [17] [18] [19] [20] [21] . Among those, N-halamine compounds are remarkably advantageous due to their relatively low toxicity to humans, highly biocidal efficiencies against a broad range of microorganisms, and regeneration upon exposure to household bleach. N-halamine compounds can be applied to a variety of substrates, including sand [22] , silica gel [23] , polyurethanes [24, 25] , nylon [26, 27] , PET [28] , and cotton [29] . Among the different substrates, cotton is widely studied to satisfy the needs in healthcare-associated areas [30] .
There are many ways to attach N-halamine compounds onto fibers, including blending [31] , grafting [32] , and coating [33] [34] [35] . Blending is widely used in synthetic fibers. Ren has added N-halamine to PAN to obtain antibacterial electrospun fibers [36] . Compared with blending, coating is applied to various surfaces. But there are disadvantages in surface coatings, such as the issues of friction and durability. Among these finishing methods, grafting is the most promising technique for preparing antimicrobial textiles, due to the stable covalent bond between the N-halamine and fibers [37] . Besides, the hydroxyl groups on cotton provide enough chemical reaction sites to bind with N-halamine derivatives [38] .
The N-H bonds in the N-halamine compounds turn into N-Cl bonds upon chlorination, which become strong oxidizing agents against bacteria. N-halamine structures can be divided into three types: imide, amide, and amine. Akdag has investigated the properties of three kinds of N-halamine structures [39] . The stability towards the release of free halogen is in the order: amine > amide > imide halamine, due to the electrophilic effect of carbonyl group. The more carbonyl groups adjacent to the nitrogen-chlorine bond, the less stable the N-Cl is. Amide is more stable than imide and more easily reacts with bacteria. N-halamine structure containing amide is a good choice to make antimicrobial fiber. http://www.jeffjournal.org Volume 10, Issue 2 -2015 In this study, Methylenebisacrylamide (MBA) was chosen as the N-halamine monomer precursor to graft onto cotton through free radical polymerization. Methylenebisacrylamide has been used in many fields due to the relatively low cost [40, 41] . This work also investigated the influence of reaction time and initiator concentration on the chlorine loading. The grafted cotton could be rendered antibacterial by exposure to sodium hypochlorite. The biocidal efficacy of treated cotton was evaluated against Staphylococcus aureus and Escherichia coli O157:H7. The stability and rechargeablility of chlorinated cotton toward washing and UV light were also tested. 
EXPERIMENTAL

Instruments
Tensile strength was recorded with a YG (B) 026D-250 Electronic Fabric Strength Tester. The surface morphology of control and coated cotton were obtained by a SU1510 field emission scanning electron microscope. A NICOLET 10 FT-IR spectrometer was used to characterize the cotton coated cotton and chlorinated coated cotton. UV light stability of chlorinated coated cotton fabrics was conducted in the chamber of an Accelerated Weathering Tester (The Q-LAB Company, USA).
PROCEDURES
Grafting of Methylenebisacrylamide (MBA) onto Cotton
MBA, benzoperoxide and Peregal O were dissolved in water with different concentrations according to Table I . The solution was stirred at room temperature for 12 h to ensure the chemicals dissolved completely. The cotton fabrics were soaked in the solution for specific time, dip-pad twice, dried at 100 o C for 2 min, and cured at 150 o C for 90 s. The grafted samples were soaked in 0.5% detergent solution for 15 min, washed with water, and dried in air. 
Chlorination and Analytical Titration
The N-halamine grafted cotton fabric swatches were chlorinated by exposure to 10% sodium hypochlorite (0.5% NaClO) solution at pH 7 at room temperature for 1 h. The chlorinated swatches were washed thoroughly with distilled water and dried at 45 o C for 1 h to remove free chlorine from the surface of the cotton fabric. The chlorine loading in the swatches were determined by the iodometric /thiosulfate titration method. The Cl + (%) on the cotton swatches was calculated from the following equation: (1) where Cl + (%) is the weight percent of oxidative chlorine on the samples, N and V are the normality (equiv/L) and volume (L) of the titrant sodium thiosulfate, respectively, and W (g) is the weight of the cotton samples. http://www.jeffjournal.org Volume 10, Issue 2 -2015
ANALYTICAL METHODS Tensile Strength Testing
The breaking strength of control and cotton fabrics grafted with MBA before and after chlorination was determined according to GB/T3923-1997 standard. Five replicates (5 cm×20 cm) were tested for each sample to obtain average results. The test was carried out in both warp and weft directions, and the testing was performed at ambient temperature.
Biocidal Efficacy Testing
The biocidal efficacy of control and chlorinated cotton fabric samples were challenged with Staphylococcus aureus (ATCC 6538) and Escherichia coli O157:H7 (ATCC 43895) using a modified AATCC Test Method 100-1999. In this test, bacteria were suspended in pH 7 phosphate buffer (100 mM). An aliquot of 25 µL of the bacterial suspensions was added to the center of one inch square two-layer cotton swatches which were held in place by sterile weights. The contact times between swatches and bacteria were 1, 5, 10 and 30 min. The swatches were placed in tubes containing 5.0 mL sterile 0.02 N sodium thiosulfate to quench all oxidative chlorine. The quenched solutions were 10-fold serial diluted with pH 7, 100 mM phosphate buffer, plated on Trypticase soy agar and incubated at 37 o C for 24 h. The bacterial colonies were enumerated for antimicrobial efficacy analysis.
Stability and Recharge Ability Testing
The stability of chlorine on the swatches after repeated standard washing was evaluated by AATCC Test Method 61-1996. The cotton swatches were washed in a Launder-Ometer (Darong Textile Instrument Co., Ltd., Zhejiang, China). Each cycle of washing used in this method was equivalent to five house machine washings. The Cl + % loadings of samples after the washing cycles with or without rechlorination were measured by the titration method addressed above.
UV Light Stability Testing
An Accelerated Weathering Tester (The Q-LAB Company, USA) was used to determine the UV light stability of the chlorinated samples. When the swatches were exposed to the UV chamber, it was equivalent to the same time in direct midday summer sunlight [42] . After exposure to the UV light ranging from 1-24 h, the samples were titrated to determine the stabilities of the bound chlorine, or rechlorinated and titrated to determine the stability of the chlorinated polymers.
RESULTS AND DISCUSSION The Effect of Grafting Reaction Time on the Chlorine Loadings
The effect of reaction time on the active chlorine content of cotton is shown in Figure 1 . The reaction times ranged from 5 min to 25 min. It can be seen that the chlorine content of cotton increases with the extension of time, and levels off. When the reactive time is 20 min, the chlorine content is 0.27%. Previous studies have demonstrated that the chlorine loading of 0.10% on the cotton fabric can kill the bacteria effectively [43] . Considering the efficiency and chlorine content, 20 min is the proper time for the reaction. Figure 2 shows the effect of initiator concentration on the chlorine loading. The chlorine loading increased from 0.20% to 0.25% when the initiator's concentration changed from 0.005 mol/L to 0.02 mol/L. At 0.02 mol/L of initiator, the chlorine loading reached the peak value. The chlorine contents on the cotton decreased slowly by further increasing the concentration of initiator. Meanwhile, the tendency of forming MBA homopolymer increased. As the result, percentage of radical copolymerization of monomer with cellulose reduced [44] . 
The Effect of Initiator Concentration on the Chlorine Loading
Characterization of Cotton Grafted with Methylenebisacrylamide (MBA)
The surface morphology of cotton and cotton grafted with MBA is shown in Figure 3 . It can be observed that the surfaces of control samples were very smooth. In contrast, the surfaces of the grafted cottons were rough which indicates that MBAs have been grafted onto the cotton. In order determine whether MBA was grafted on the cotton through covalent bond, FTIR spectra of cotton and cotton grafted with MBA before and after chlorination were recorded and are shown in Figure 4 . The spectra of the grafted cotton have a new characteristic absorption band at 1651 cm -1 , which corresponds to carbonyl vibration in MBA. After chlorination, the carbonyl vibration shifted from 1651 cm -1 to 1657 cm -1 , which have been reported for other N-halamines [45] . The FTIR spectra confirmed the presence of the MBA on covalent bond grafted cotton. 
Tensile Strength
The warp and weft breaking strengths of coated cotton and uncoated cotton before and after chlorination were performed and the results are shown in Figure 5 . Compared with the control sample, the chlorinated samples' tensile strengths decreased both in warp and weft directions. The acidic coating solution and the high curing temperature in the dip-pad-cure procedure might break glycoside bonds of cellulose resulting in strength loss of the coated cotton. The chlorination process also contributed to the tensile strength loss due to the oxidation of cellulose by sodium hypochlorite, which was also reported in other studies [46] . The losses of the tensile strengths in warp and weft directions were 25% and 13%, respectively. The strength losses are acceptable in textile finishing since the traditional textile finishing could cause 30-40% strength loss. 
Biocidal Efficacies
The grafted cotton samples before and after chlorination were challenged with S. aureus (Gram positive) and E. coli O157:H7 (Gram negative), and the biocidal efficacy data are summarized in Table II . The unchlorinated cotton was the control sample. There was some degree of reduction in both bacteria for control samples, which might be caused by the adhesion of the bacteria to the surface of the cotton, instead of inactivation. The S. aureus can be inactivated by 87% with the contact time of 1 min, while the E. coli O157:H7 was only reduced by 9%. The different biocidal efficacies between the two bacteria are the results of their different shapes and surface structures [47, 48] . After 30 min contact, 99.97% S. aureus and 99.99% E. coli O157:H7 were inactivated, respectively. The results show that treated fabrics have a great potential for antibacterial products. 
Washing Stability and Recharge Ability
The AATCC standard washing test was employed to measure the washing stability and rechargeability of the grafted cotton. There were two types of washing test performed: chlorinated before washing test (C); chlorinated and rechlorinated after the specific number of machine washes (R). The washing test data are shown in Table III . The chlorine loading decreased dramatically after 50 times washing cycles. However, 68% chlorine could be restored through rechlorination. The loss of the active chlorine comes from two ways: the hydrolysis of the N-Cl bond which can be restored upon chlorination and the breakage of C=O bond between the cellulose and the MBA. The latter type of chlorine loss can't be recovered. 
UV Light Stability
The UV light stability of the cotton grafted with chlorinated MBA was evaluated according to the method outlined in experimental section. Table IV shows the results of the test. There was 64% chlorine left upon 1 h UV irradiation. The chlorine on the cotton decreased dramatically with the elongation of time. After 24 h, the swatch lost almost all the chlorine. However, 92% chlorine loss could be recovered when the swatches were exposed to the aqueous solution of sodium hypochlorite after 24 h UV irradiation, which indicates most chlorine loss was caused by the dissociation of N-Cl bond. There was a small degree of chlorine loss due to the photolytic decomposition in the structure of MBA, which could not be restored through chlorination. 
CONCLUSION
Methylenebisacrylamide (MBA) containing two N-H bonds in the structure was grafted onto cotton by free radical polymerization. The dip-pad-dry procedure was used in the grafting. The grafted cotton was characterized by SEM and FTIR. The cotton swatches coated with MBA were antimicrobial against Staphylococcus aureus and Escherichia coli O157:H7, which was found to inactivate 99.97% of Staphylococcus aureus and 99.99% of Escherichia coli O157:H7, respectively. The stability of the coated cotton towards washing and UV light exposure were tested according to the AATCC standard. After the equivalent to 50 times machine washes, the chlorine loading of the cotton was 0.02%. However, 68% chlorine loading was recovered by exposure to sodium hypochlorite. The MBA bonded onto the cotton were extremely stable to UV light, which was restored to 92% through chlorination after 24h UV irradiation.
